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Abstract. A qualitative, quantitative, and overall quality assess¬ 
ment of life cycle inventory is suggested. The method is com¬ 
posed of five indicators which are set up at three levels of the 
inventory quality: flows, processes, and the system. The method 
allows one to assess the reliability of the method generating 
inventory data (justness of data, completeness of data, repre¬ 
sentative of processes, repeatability of system definition) and 
at the same time to quantify the uncertainty of the resulting 
data made under the data generation method. LCA practitio¬ 
ners can finally decide the overall inventory quality through the 
information for the acceptability of the inventory result com¬ 
paring the objective of quality and the cost necessary to im¬ 
prove the quality. The operation of the method was verified in 
the application to the production of polyethylene bottles. The 
proposed method was also found applicable for the validation 
of data in the ISO's LCA data documentation format. 


Keywords: Case studies; data quality; life cycle inventory; poly¬ 
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Introduction 

For increasing credibility of the results of Life Cycle Assess¬ 
ment (LCA), one of the tasks left to LCA researchers is how 
to assess and manage the quality of the Life Cycle Inventory 
(LCI) (ISO 1997, ISO 1998). Attention has been paid to 
LCI quality assessment since the beginning of the LCA frame¬ 
work study and since different methods had been proposed 
(SETAC 1994). However, there is not yet a method com¬ 
monly approved by LCA practitioners. It is why many LCA 
practitioners are exerting a great effort to develop assess¬ 
ment methods of LCI quality. 

Here, we make a strict distinction of terminology between 
'quality' and 'uncertainty' in order to make clear the princi¬ 
pal concepts of this paper on the LCI quality assessment, 
even though the term of uncertainty is currently used in¬ 
stead of LCI quality (Huijregts 1998). According to their 
traditional meanings defined by international standards (ISO 
1992, AFNOR 1994), the quality denotes the fitness for the 


objective of the data or product while the uncertainty of 
measurement indicates the estimation characterizing the 
extent to which the real value of the measurement exists. In 
this paper, we define 'LCI quality' as the summary state¬ 
ment representing the overall reliability of LCI result, 'qual¬ 
ity indicator' as the set of indicators characterizing the LCI 
quality, and 'uncertainty' as one of the indicators, charac¬ 
terizing the variability of LCI data (Courtier 1994, Coulon 
et al. 1997). LCI data means raw data of elementary flows 
or their integrated data at the level of the product system 
(partial or complete life cycle). 

The approaches for assessing the LCI quality proposed dur¬ 
ing the last few years can be classified in two main catego¬ 
ries. The first one uses a data quality indicator such as geo¬ 
graphic representation, age of data or the data acquisition 
method (Labouze etal. 1996,Weidema etal. 1996, Wrisberg 
et al. 1997). The second one represents the overall LCI quality 
in terms of uncertainty. The uncertainty of resulting inven¬ 
tory data of the system is obtained through the propagation 
analysis of uncertainties related to the raw data of each pro¬ 
cess (Chevalier et al. 1996, Heijungs 1996, Steen 1997). 

Both of these approaches have critical drawbacks. The first 
method does not provide a condensed index for overall qual¬ 
ity of the LCI, although data qualities of each unit process are 
presented by set of quality scores. -The second is limited to 
only the uncertainty expressed by probability distribution or 
range of the resulting inventory data and it does not take into 
account the other aspects of LCI quality. However clear the 
uncertainty analysis is, the result may have low quality if the 
data used does not fit the objective of the study (Coulon et al. 
1997). These facts lead some authors to explore the ways rep¬ 
resenting the LCI quality in terms of uncertainty starting from 
the data quality indicator approach. Some authors transformed 
the data quality scores into probability distributions of input 
data in order to simulate the uncertainty of the LCI result 
(Kennedy et al. 1997, Weidema et al. 1996). Other authors 
recommended the use of the data quality indicator approach 
just at the step of data collection and the determination of the 
probability distribution function or confidence interval of the 
selected data according to their data availability, independently 
as a subsequent step (Maurice et al. 2000). 
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In this paper, one data quality indicator approach is pre¬ 
sented. It is based on the existing data quality approach but 
can be distinguished from others in the point that it is aimed 
at evaluating the overall quality in two aspects. At first, the 
result of quality scores attributed to three levels shows the 
causes, acceptability, and improvement ability of the uncer¬ 
tainty derived by the data generation method used. Secondly, 
uncertainty propagation analysis quantifies the variability 
of final inventory data derived by systematic errors of the 
data generation method and other random errors. To test its 
applicability, the proposed method was applied to the pro¬ 
duction of polyethylene bottles 

The presented method was at first initiated by RE.CO.R.D 
(French research network on solid waste) and developed by 
BIO Intelligence Service and INSA de Lyon (LAEPSI/ 
POLDEN) for suggesting the practical guide of LCI quality 
assessment to the industry members of RE.CO.R.D 
(RECORD 1998). 

1 Quality Assessment Method of Life Cycle Inventory Results 

The procedure of LCI quality assessment is summarized in 
Figure 1 with parameters to be determined at each step. 

1.1 Qualification of inventory data 

LCI quality is analyzed at the same time in the two follow¬ 
ing aspects, the reliability of data generation method and 
the variability of the resulting data (uncertainty) obtained 
under the given method. 

1) Reliability of the method of data generation. The data 
generation method performed is analyzed concerning the 
degree to which it has an aptitude to provide accurate data 
(justness), to include all the potential population in exist¬ 
ence (completeness), to reflect the true population of inter¬ 
est (representativity) and to repeat the same result under a 
given method (repeatability). These indicators were set up 
at 3 levels, i.e. flow, process, and system, deciding which 


level is related to the quality to be assessed by the indicator 
(Table 1). For instance, the justness of LCI should be evalu¬ 
ated at each elementary data, or at the flow level while the 
assessment of geographical representativity is sufficient at the 
process level due to the uniformity of geographical conditions 
of the overall data set describing each process. For the quanti¬ 
tative assessment, the quality scores from 1 to 5, 1 being the 
best, are attributed in the detailed components of the 4 indica¬ 
tors above (Table 2). This proposed method was developed 
based on the works of Weidema et al. (1994) and Wrisberg et 
al. (1997). The innovative change from prior works consists 
of the introduction of 'repeatability', which indicates the apti¬ 
tude to generate the same LCI result under the same rules for 
inclusion/exclusion of flow and process, definition of func¬ 
tional unit, and allocation. That is, it concerns how transpar¬ 
ent, how justified, and how consistently applied the rules of 
choice are. Some specific criteria of the score were modified 
as well. For instance, we put the criteria, 2, 5, 10, and 15 
years for time-related representativity as opposed to the 3, 6, 
10, and 15 years in Weidema's proposition. 

2) Variability of the resulting data (uncertainty). In general, 
plural values exist which show a probability distribution or 
distribution interval when one repeats the data generation 
on the same object. The distribution is mainly caused by the 
inadequate or imprecise data generation methods which are 
analyzed in the preceding step (1) and as well due to ran¬ 
dom uncertainty which is inherent in the natural phenom¬ 
ena. We call this variability of data uncertainty. The varia¬ 
tions of raw data of flows are determined at the moment of 
data generation through sample survey, reference data, cal¬ 
culation, or even assumption. These variations are propa¬ 
gated when one integrates the data which have the same 
identity (e.g. CO, emissions) from each process to total sys¬ 
tem. The final variation of the integrated data, here called 
uncertainty, was calculated through Monte Carlo simula¬ 
tion in this paper. This technique allows one to simulate the 
probability distribution of the integrated data (output vari¬ 
able) by randomly sampling the raw data (input variable) 
based on their statistical distributions. In general, the proce- 


Table 1: Indicators of LCI data quality 


Level 

Quality Indicator 

Quality Component 

Flow 

Justness 

1. Statistical representativity of data 

2. Age of data 

3. Method of data acquisition 

Process 

Completeness 

4. Exhaustiveness of identified flow 

5. Aggregation of flows 

6. Mass balance equilibrium 

Process 

Representativity 

7. Geographical 

8. Time-related 

9. Technology 

System 

Repeatability 

10. Rule of process inclusion/exclusion 

11. Rule of flow inclusion/exclusion 

12. Rule of functional unit definition 

13. Rule of allocation 

Flow / System 

Uncertainty 

14. Data variability (propagation on the system) 
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Table 2: LCI data quality assessment matrix 





Score 

Component 

1 

2 

3 

4 

5 



Indicator 1 : Justness of data 




1. Statistical 
representativity 
of data 

Representative data 
from a sufficient 
sample of sites (>30) 
over an adequate 
period 

Representative data 
from a smaller number 
of sites (<30) but for 
an adequate period 

Representative data 
from a smaller number 
of sites (<30) 

Data from one site 

Representativeness 

unknown 

2. Age of data 

Less than 2 years 

2-5 years 

5-10 years 

10-15 years 

Age unknown 

3. Method of data 
acquisition 

Calculated or 
measured data verified 
by external examiner 

Calculated or 
measured data 
verified 

Calculated or 
measured data not 
verified 

Data estimated by 
expert 

Origin unknown 


Indicator 2 : Completeness of data 


4. Exhaustiveness of 
identified flow 

By comparison with 
references (others 

LCI), no significant 
difference in the 
nature of identified 
flows 

By comparison with 
references, some 
flows are missed but 
their qualitative 
importance is minor 
considering the 
objective of study 

By comparison with 
references, some 
flows are missed. 

Their percentage is 
inferior to x% of total 
flows of the process 

By comparison with 
references, some 
flows are missed. 

Their percentage is 
superior to x% of total 
flows of the process 

No bibliography study, 
type and number of 
missing flow unknown 

5. Aggregation of 
flows 

Any flow is not 
aggregated 

Quantitatively non 
important flows are 
aggregated 

Quantitatively 
important flows having 
similar environmental 
properties are 
aggregated 

Quantitatively 
important flows having 
different 
environmental 
properties are 
aggregated 

Type of aggregation of 
different flows is not 
known' 

6. Mass balance equilibrium 

| Quantitative parameter directly calculated 

Mass balance not calculated 


Indicator 3 : Representative of process 


7. Geographical 
representativity 

Data in direct relation 
with the area of study 

Average data from 
larger area in which 
the area under study 
is included 

Data from different 
area with similar 
production conditions 

Data from area slightly 
similar production 
conditions 

Data from unknown 
area or area with very 
different production 
conditions 

8. Time-related 
representativity 


Less than 5 years of 

difference 

Less than 10 years of 
difference 

Less than 15 years of 
difference 

More than 15 years of 
difference or age of 
data unknown 

9. Technology 
representativity 

Data from enterprises, 
processes, and 
materials under study 

Data from processes 
and materials under 
study but from 
different enterprises 

Data from processes 
and materials under 
study but from 
different technology 

Data on related 
processes or materials 
but same technology 

Data on related 
processes or materials 
but different 
technology 


Indicator 4 : Repeatability of system (Rule of choice) 


10. Rule of process 
inclusion/exclusion 

Transparent, justified; 

homogeneous 

application 

Transparent, justified; 

non-homogeneous 

application 

Transparent, 
not justified; non- 
homogeneous 
application 

Not transparent on 
rule of exclusion but 
specification of 
inclusion 

Criteria unknown 

11. Rule of flow 

inclusion/ exclusion 

3 accumulated criteria 
on system: 
mass, energy, and 
emissions 

1 accumulated criteria 
on system: 
mass, energy, or 
emissions 

2 non accumulated 
criteria on system: 
mass/process and 
energy/and process 

1 non accumulated 
criteria on system: 
mass/process or 
energy/and process 

Criteria unknown 

12. Rule of Functional 
Unit (FU) 

FU includes explicitly 
at least 3 following 
units: 

function, product, time 

FU includes implicitly 
at least 3 following 
units: 

function, product, time 

FU includes explicitly 
at least 2 of 3 units 
preceding 

FU includes explicitly 
at least 1 of 3 units 
preceding 

FU is not defined 

13. Rule of allocation 

Transparent, justified 
and relevant; 
homogeneous 
application 

Transparent, justified 
and relevant; non- 
homogeneous 
application 

Transparent, justified 
but not relevant 

Transparent, not 
justified; non- 
homogeneous 
application 

Not transparent 


_ Indicator 5 : uncertainty of resulting data _ 

14. Data variability | Variability of integrated data at the system levef 


dure of Monte Carlo simulation consists of seven steps as 
follows (Blanc et al. 1999): 

(1) Explicit formulation of the relation equation jointing the 
target output variable to input variable 

(2) Determination of the uncertainties or the statistical func¬ 
tions of input variables 

(3) Random sampling of input variables in the range of their 
variations 


(4) Calculation of output variable 

(5) Stock of the result and iteration of steps (3) and (4) sev¬ 
eral thousand times 

(6) Figuration of the probability curve of output variable 

(7) Interpretation of the curve and calculation of the uncer¬ 
tainty (e.g. coefficient of variance) 
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1.2 Representation of the overall quality of LCI 

The qualify is appreciated depending on how well to re¬ 
spond to the predefined objective according to its defini¬ 
tion. In the LCA, too, one should decide the objective of 
LCI quality together with the objective of the LCA in the 
first phase of LCA in order to assess the quality. The objec¬ 
tive is represented by the acceptable criteria of the quality 
score for each component of quality indicators. For instance, 
if the objective of quality is 3, the scores 1, 2, and 3 are said 
to be 'acceptable' when 4 and 5 are said to be 'not accept¬ 
able'. The coefficient of acceptability is calculated here as the 
percentage of the acceptable result in the total LCI results at 
each indicator component (e.g. when the objective is 2 and 
the number of acceptable flows is 13 in 24 flows, or coeffi¬ 
cient of acceptability: 13/24 * 100 = 54% for flows of full 
system in component 3, Table 5). This coefficient is used to 
respond to the question: Is the LCI quality acceptable with 
respect to the fixed objective? 

Besides, the coefficient of variability is obtained from the 
variance of quality score divided by the average of the scores 
attributed in the same component of indicators or in the 
same indicator (e.g. 0.326/1.47 * 100 = 22.2% for flows of 
full system in indicator 1, with the variance of scores being 
0.326 and the average being 1.47, Table 5). This coefficient 
allows one to analyze the coherence and to evaluate the im¬ 
provement potential of the quality. It is used to answer the 
question: Can the LCI be improved with the acceptable ra¬ 
tio of cost/efficiency? 

The result of the assessment is summarized in Table 5 with 
the coefficient of acceptability, coefficient of variability, and 
uncertainty, like the result of the case study. Simply looking 


over the coefficient of acceptability enables one to identify 
and compare the qualities of the LCI results with predefined 
quality objectives. In the event that the assessment result 
does not correspond to the predefined objectives, the result¬ 
ing data is rejected and one returns to the data generation 
step. Or it is also expected to reconsider the objectives of 
quality and even to modify the objective of the LCA (Fig. 1). 
The coefficient of variability enables one to determine the 
effort necessary to improve the LCI quality. Finally, the uncer¬ 
tainty has the role of a condensed indicator representing the 
result of the LCI quality quantitatively, but without the state¬ 
ment for the uncertainty causes. Therefore, the coefficient 
of acceptability, coefficient of variability, and uncertainty 
are complementary to one another for representing and in¬ 
terpreting the overall LCI quality. 

2 Application to the Production of Plastic Bottles 

The objective of this LCA is to assess the potential environ¬ 
mental impact of polyethylene (PE) bottles (RECORD 1998). 
The real study system (life cycle of the bottle) is so immense 
and encompasses PE manufacturing, bottle manufacturing, 
bottle refilling, bottle use, elimination of used bottle, pro¬ 
duction of required energy, and transport. For a simple il¬ 
lustration of the proposed method, we considered three main 
processes (Fig. 2): 

• Process 1: production of energy necessary to the produc¬ 
tion of PE via fuel thermal system 

• Process 2: production of PE 

• Process 3: elimination of used bottles through incineration 

The functional unit was chosen as the production of 1 kg of 
PE to be utilized for the production of bottles. A simple inven- 


Procedure 


Step 1 


Objective of LCA 

Requirements related to the data quality 


Ot 


■fl. 


Determination of the quality objective to each category 


Step 2 



Step 3 


R 


Result of the quality assessment 


Verification and validation of the LCI result data 
According to predefined objectives 


Determined 

parameters 


Targeting quality 
scores 


1-1 


1 Uncertainties of unit j 

7 

Data collection 

{ flows j 


Application of the LCI quality assessment methodology 

1 Quality scores. 

- attribution of quality scores 

•! Uncertanity of i 

- simulation of uncertainty propagation 

j intgrated data 


Coefficient of 
Acceptability and 
Variability 


Fig- 1 : Procedure of LCI quality assessment 
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Fig- 2: Partial life cycle of PE bottles (study system) 


tory was set up for each process considering raw material 
inputs, auxiliary material inputs, and environmental bur¬ 
dens (Table 3) (Habersatter 1990, Boustead 1993, Rous- 
seaux 1993). 

According to the qualification matrix proposed in the pre¬ 
ceding part, scores are at first attributed to flows of each 
process for justness of data (Table 4), to processes for com¬ 
pleteness of data and representativity of process, and finally 
to a system for repeatability of data. The quality objective 
was arbitrary determined as 2 for all indicator components. 
For justness of data, the scores attributed to flows of each 
process are further converted, in proportion to the mass 
contribution, into scores of the flows integrated to the sys¬ 
tem according to the same environmental intervention. For 


instance, when the justness score of C0 2 emission is T for 
process 1, '2' for process 2, and 'I' for process 3, and since 
the weight ratio of CO, emission of process 1 to total emis¬ 
sion is '0.06', '0.19' for process 2, and '0.75' for process 3 
(Table 3), the justness score of C0 2 emission of the system 
is calculated as the sum of the justness scores for each pro¬ 
cess weighted by the mass contribution, e.g. justness of the 
data for CO, emission on the system: 1*0.06 + 2*0.19 + 
1*0.75 = 1.19 (Table 5, Appendix). 

Monte Carlo simulation was used for the calculation of un¬ 
certainties of each environmental intervention integrated on 
the system. For illustration, the simulation result with arbi¬ 
trary input variation of 30% is presented for two important 
variables of C0 2 and S0 2 emissions (Table 5, Appendix). 


Table 3: Inventory analysis for production and treatment of 1 kg of PE 




Process 1 

Process 2 

Process 3 



(i) 1 

(g) 1 % 

(g) 1 % 


Inputs 



petrol 

additives 

water 

treated PE 

oxygen 

nitrogen 

50552 

10 

1000 

1000 

7050 

22613 


1 

0 

0 

0 

3 

0 

50000 

10 

1000 

0 

0 

0 

99 

100 

100 

0 

0 

0 

0 

0 

0 

1000 

6854 

22613 

0 

0 

0 

100 

97 

100 

Outputs 

Waterborne 

Inorganic salts 

25 

0 

0 

25 

100 

0 

0 

emissions 

TSS 

1.74 10' 3 

1.74 1 O' 3 

100 

0 

0 

0 

0 


phenol 

4 

1.74 10’ 5 

0 

4 

100 

0 

0 


non polycyclic HC 

1.741 O'" 

1.74 10 -4 

100 

0 

0 

0 

0 

Atmospheric 

dust 

0.11496 

0.06496 

56.5 

0 

0 

0.05 

43.5 

emissions 

CO 

2.09 

0.12 

5.6 

0.67 

32.1 

1.3 

62.3 


NO, 

7.27 

0.98 

13.5 

1.09 

15.0 

5.2 

71.5 


so 2 

3.01 

1.62 

53.9 

0.99 

32.8 

0.4 

13.3 


ch 4 

8.12 10' 3 

8.12 10' 3 

100 

0 

0 

0 

0 


HC 

11.37 

0.07 

0.6 

11.3 

99.4 

0 

0 


CO, 

4208.38 

267.38 

6.4 

800 

19.0 

3141 

74.6 

Solid wastes 

ashes 

3.944 

3.944 

100 

0 

0 




by-products 

46929.34 

469.34 

1 

46460 

99 




others 

4 

0 

0 

4 

100 


0 
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Table 4: Assessment result of justness in flows of process 1 


Process 1 

Total flow 

(g) 

Flows of process 1 


Justness 

(g) 

Mass 

contribution 


J1* 

J2 

J3 

Inputs 









petrol 

50552 

552 

0.01 


2 

2 

1 


oxygen 

7050 

196 

0.03 


1 

2 

1 

Outputs 








Waterborne 

TSS 

1.7410' 3 

1.741 O' 3 



1 

2 

1 

emissions 

phenol 

4 

1.74 10' 5 



1 

2 

1 


non polycyclic HC 

1.74 10 4 

1.74 10 4 



1 

2 

1 

Atmospheric 

dust 

0.11496 

0.06496 

0.57 


1 ; 

2 

1 

emissions 

CO 

2.09 

0.12 

0.06 


1 

2 

1 


NO, 

7.27 

0.98 

0.14 


1 

2 

1 


so 2 

3.01 

1.62 

0.54 


1 

2 

1 


ch 4 

8.12 10' 3 

8 . 1210' 3 

1.0 


1 

2 

1 


HC 

11.37 

0.07 

0.0 


1 

2 

1 


C0 2 

4208.38 

267.38 

0.06 


1 

2 

1 

Solid wastes 

ashes 

3.944 

3.944 

1.0 


2 

2 

1 


by-products 

46929.34 

469.34 

0.01 


2 

2 

1 


') J1: statistical representative of data; J2: age of data; J3: method of data acquisition 


Example : Simulation of uncertainty of SO, and C0 2 emissions 

from the system 

• Step (1) Formalization of the relation equation 

SO 2 . system ~ S0 2 process, + S0 2 process2 + varl Q PE 

system ~ C0 2 . p f0CBSS1 + CO, pr0C es$2 + (varl Q PE — Var2 Qcq) 
With S0 2 system- quantity of SO z emissions from the system 
S0 2 pro^ t ; quantity of S0 2 emissions from process i 
varl, var2: process parameters of process 3 

Q pe : quantity of PE production, Q co : CO output of process 3 

• Step (2) Variations of input data were arbitrarily determined as 30%, 

• Step (3) to (6) presented in the preceding part are automatically 
carried out by the software. 

• Step (7) The resulting uncertainty of the integrated data of the 
system for S0 2 and C0 2 emissions are 18.34% and 19.23%, re¬ 
spectively when their raw data of each process demonstrate a 
variation of 30%. 


The following conclusion was obtained from the applica¬ 
tion of the LCI quality assessment method in the case study: 

• The justness of data and the representativity of processes 
are satisfactory while the completeness of data and re¬ 
peatability of the system are unsatisfactory. 

• For improving completeness of data, a greater effort is 
necessary for avoiding the aggregation of flows than for 
retaining the exhaustiveness of flows. 

• The uncertainty of SO, and C0 2 emissions are obtained 
in 18.34% and 19.23%, respectively, thus relatively lower 
than the input variation of 30%. 

3 Conclusion and Outlook 

3.1 Features of the proposed LCI quality assessment method 

The proposed method can be distinguished from the existing 

methods using data quality indicators in the following points: 


• Inventory quality indicators were proposed to assess the 
reliability of the method by which the inventory data 
were generated (justness of data, completeness of data, 
representativity of process, repeatability of system defi¬ 
nition) and also the uncertainty of the resulting inven¬ 
tory made by the given method. The five indicators are 
further detailed in 14 components to which quality scores 
are actually attributed. 

• The indicators are established on the three levels of data 
quality assessment (flows, processes, and system) accord¬ 
ing to their relevance to the LCI quality. An indicator at 
the system level, repeatability of system definition, was 
added for the first time while other methods ended at 
the steps just to assess the justness of flows and the 
representativity of the processes. 

• The evaluation of overall LCI quality is carried out with 
coefficient of acceptability which indicates the percentage 
of acceptable data compared with the objective of quality, 
coefficient of variability which helps to appreciate the de¬ 
gree of homogeneity of quality scores, and uncertainty which 
shows the statistical distribution of resulting inventory data. 

For each indicator, the scoring matrix was proposed with 
the exhaustive criteria of the evaluation. These criteria are 
expressed in general terms to be applied to any circumstance 
of the study and it makes the matrix very general. The char¬ 
acteristic of matrix, being general, gives the strict reference 
of the assessment. On the other hand, the method introduc¬ 
ing the objective of quality gives a great flexibility in the 
evaluation of inventory result and enables the assessment 
module fitting the specific demand for LCI quality. 

In conclusion, the proposed method helps LCA practitio¬ 
ners in decision-making by giving information for the ac- 
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ceptability of the inventory result comparing the objective 
of quality and for the cost necessary to improve the quality. 
The users can also quantify the uncertainty of their inven¬ 
tory data and specify the causes of the uncertainty through 
this method completed by qualitative and quantitative qual¬ 
ity indicators. The applicability of the method was verified 
through the case study on the production of PE bottles. 

3.2 Further considerations 

Although the method of this paper covers the qualitative 
and quantitative aspects of the LCI quality assessment, it is 
true that the focus is put on the former. Mentioning the fac¬ 
tors to be considered further for efficiently generating the 
credible inventory in practice, one of them is the uncertainty 
simulation method. Although the Monte Carlo method is 
now well known for the technique of uncertainty analysis, 
it needs to explore other methods such as interval analysis, 
fuzzy arithmetic, and probability-bound analysis consider¬ 
ing the calculation speed and the type of available data. The 
other factors are data-importance analysis and sensitivity 
analysis. Since it is actually difficult to quantify all the un¬ 
certainties of enormous raw data, it is necessary to select 
the significant data through the importance analysis and to 
check their influence to the inventory result through sensi¬ 
tivity analysis. 

The method presented can be used not only to evaluate LCI 
result at the phase of interpretation, but also to obtain a 
high quality of inventory data at the early phase of inven¬ 
tory building by following the quality criteria of the method. 
For the last purpose, LCI data format to fit the quality crite¬ 
ria is naturally required. In the LCA societies as well, a stan¬ 
dard LCA data documentation format has been required 
for long in order to facilitate the data exchange and to con¬ 
firm their quality. The result has come out as ISO/CD 14048 
and it is now being revised to be a standard. According to 
the document (ISO/CD 14048), LCI data quality is globally 
stated at first by data generator and more detail validation 
is made by the third validator in the part of modeling and 
validation of the document. However, the document does 
not describe any specific procedure for validation, but a 
minimum structure such as method, procedure, result, and 
validator. The LCI quality criteria specified on the proposed 
method was found to cover almost parameters of the data 
categories and modeling choices presented on the ISO's docu¬ 
ment. Thus, the assessment method of this paper would be 
one of the LCA data quality methods for the LCA data docu¬ 
mentation format of ISO. 
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Appendix: Table 5: Summary table of quality score result 


Justness 

Indicator 1 

Component [ 1 2 3 




PROCESSES 


PROCESSES OBJECTIVE 


PROCESS 1 RESULT 
PROCESS 2 RESULT 

_ PROCESS 3 RESULT 

variability(%)- RESULT 
variability(%)" RESULT 
acceptability(%) RESULT 


(exhaustitivity) 

(aggregation) 


Completeness Representativity 

Indicator 2 _ Indicator 3 

~4 5 6 | 7 8 9~ 


PROCESS 1 

FLOW OBJECTIVE 

2 2 2 

variability(%)* (**) RESULT 
acceptability(%) RESULT 

9.7 

100 100 100 

PROCESS 2 

FLOW OBJECTIVE 

2 2 2 

variability(%)* RESULT 
acceptability(%) RESULT 

9.0 

100 100 100 

PROCESS 3 

FLOW OBJECTIVE 

2 2 2 

variability(%)* RESULT 
acceptability^/.) RESULT 

34.8 

100 100 100 


Repeatability 
_ Indicator 4 _ 

To ri ii iF 


Uncertainty 
Indicator 5 
14 





SYSTEM 


OBJECTIVE 


SYSTEM RESULT 


acceptability^/.) RESULT 


2 2 


2 3 


100 



FLOWS (in full system) 


FLOW OBJECTIVE 


(i) petrol RESULT 

1.01 

1.01 

2.98 

(i) additives RESULT 

1.00 

1.00 

3.00 

(i) water RESULT 

1 1.00 

1.00 

3.00 

(p) PE bottle RESULT 

1.00 

1.00 

1.00 

(i) oxygen RESULT 

1.00 

1.03 

1.00 

(i) nitrogen RESULT 

1.00 

1.00 

1.00 

(i) PE products RESULT 

1.00 

1.00 

3.00 

(p) by-products RESULT 

1.01 

1.01 

2.98 

(w) inorganic salts RESULT 

1.00 

1.00 

3.00 

(w)TSS RESULT 

1.00 

1.00 

1.00 

(w) phenol RESULT 

1.00 

2.00 

1.00 

(w) non polycy. HC RESULT 

1.00 

1.00 

3.00 

(a) H,0 RESULT 

1.00 

2.00 

1.00 

(a) O, RESULT 

1.00 

1.00 

1.00 

(a) N, RESULT 

1.00 

1.00 

1.00 

(a) dust RESULT 

1.43 

1.57 

1.87 

(a) CO RESULT 

1.94 

1.06 

2.89 

(a) HC (unspec.) RESULT 

2.00 

1.00 

3.00 

(a) NOx RESULT 

1.87 

1.13 

2.73 

(a) SO, RESULT 

1.46 

1.54 

1.92 

(a) CH. RESULT 

1.00 

2.00 

1.00 

(a) CO, RESULT 

1.19 

1.06 

1.38 

solid waste RESULT 

1.00 

1.00 

3.00 

ashes RESULT 

2.00 

2.00 

1.00 

variability(%)* RESULT 


22.2 


acceptability(%) RESULT 

100 

100 

54 



(*) for three components of either justness or completness, expressed by % of the average value 

(**) corresponding to the case of all input uncertainties being 30% 

(i): input; (p): product; (w): waterborne emissions; (a): atmospheric emissions 
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